Structural plasticity and functional implications of internal cavities in distal mutants of type 1 non-symbiotic hemoglobin AHb1 from Arabidopsis thaliana.
The increasing number of nonsymbiotic plant hemoglobins discovered in genomic studies in the past decade raises intriguing questions about their physiological role. Among them, the nonsymbiotic hemoglobin AHb1 from Arabidopsis thaliana deserves particular attention, as it combines an extremely high oxygen affinity with an internal hexacoordination of the distal histidine HisE7 to the heme iron in the absence of exogenous ligands. In order to gain insight into the structure-function relationships of the protein, the ligand binding properties of mutants of two conserved residues of the distal cavity, HisE7 --> Leu and PheB10 --> Leu, were investigated by experimental and computational studies and compared to results determined for the wild type (wt) protein. The Fe(2+)-deoxy HisE7 --> Leu mutant exists, as expected, in the pentacoordinated form, while a mixture of penta- and hexacoordinated forms is found for the PheB10 --> Leu mutant, with an equilibrium shifted toward the pentacoordinated form with respect to the wt protein. Spectroscopic studies of the complexes of CO and CN(-) with AHb1 and its mutants show a subtle interplay of steric and electrostatic effects by distal residues on the ligand binding to the heme. Moreover, stopped-flow and flash photolysis experiments reveal substantial kinetic differences triggered by those mutations, which are particularly manifested in the enhanced geminate rebinding and bimolecular association rate. These findings are discussed in light of the drastic alterations found by molecular dynamics simulations in the nature and distribution of internal cavities in the protein matrix of the mutants, revealing an extremely large sensitivity of the protein structure to changes in distal HisE7 and PheB10 residues. Overall, data are consistent with the putative NO-dioxygenase activity attributed to AHb1.